Patients identified from hospital records as using alprostadil injections for erectile dysfunction were invited to take part in this open crossover study. On alternate weeks eight patients were given intracavernosal needle injections and transdermal needle-free injection of alprostadil in a randomized order. Efficacy of injection and associated pain were assessed and compared for the two methods. Pain produced during injection was significantly greater with the needle-free system than with the needle-tipped injection whilst efficacy was significantly less. Bruising was reported in all except one patient following needle-free injection only. Patient ratings of the needle-free injector were significantly lower than ratings for needle-tipped alprostadil delivery and when asked to express a preference, every patient chose the needle-tipped injection over the needle-free device.
Introduction
Sildenafil is now recommended as first line treatment for erectile dysfunction (ED). 1, 2 For the many patients who are contraindicated, cannot tolerate, or gain insufficient response from this drug, intracavernosal (IC) alprostadil injections are typically the next treatment offered. When the right dose is found, IC alprostadil is effective in producing an erection adequate for intercourse in 70 -90% of men. 4 -8 However, many patients find the idea of penile injection unacceptable. In addition, side effects, including bleeding on injection, bruising, penile pain and fibrosis, 5, 8 contribute to patient dissatisfaction. Intra-urethral alprostadil delivery is a putative alternative, although the higher doses of drug needed to elicit a response results in lower tolerability amongst patients and this route is less efficacious than direct injection into the erectile bodies. 6 The introduction of a new delivery method for intracavernosal alprostadil which can overcome at least some of these problems would be of benefit to a significant proportion of ED patients.
Needle-free injectors propel drugs through tissues using pressurized (liquid) CO 2 as the driving force and have been used in a number of applications including administration of local anaesthetic, 9,10 insulin, 11,12 intramuscular immunization 13, 14 and interferon. 15 These studies have shown that needlefree drug delivery can be as effective and produce less pain and anxiety than traditional needle injection. To be effective in ED, the injector must be able to propel the drug across the dense tunica albuginea into the corpora carvonosa. As far as we are aware, no evidence of this has been reported in man, although it has been demonstrated in rats. 16 If the qualities of needle-free injectors shown in previous applications are maintained in penile administration, this method may prove to be a viable alternative to needle-tipped IC drug delivery. In the following study we assess the pain, efficacy and patient preference of penile alprostadil administration with a needle-free injector.
Methods
Patients with ED of mixed aetiologies identified as having used alprostadil injections in the previous 2 y were invited to take part in the study. Eight patients took part; the median age was 56 (range 39 -76). Mean duration of intracavernosal alprostadil injection use was 2.7 y (range 1 month to 5.5 y) and mean weekly frequency of use was 1.4 (range 1 -2). One patient with a spinal cord injury had no sensory function below L4 and consequently his data were not used in the pain assessment analysis.
Patients were randomized to order of treatment using unmarked, sealed envelopes. All injections were given by the same physician. Alprostadil (Viridal Duo TM , Schwarz Pharma) was used for both injection systems. An individualized dosing strategy was used where all patients were given the same dose of alprostadil that they normally used. Doses were 20 mg (n ¼ 7) and 15 mg (n ¼ 1). The drug was administered in 0.5 ml saline. Patients normally used an injection volume of 1 ml, but as 0.5 ml was the maximum capacity of the needle-free injector, 0.5 ml was used for both methods. A 30-gauge needle was used in needle-tipped delivery and the J-tip needle-free injector (National Medical Products), Figure 1 , was used for the needle-free group. The duration between the two injections was one week.
Injections were given on the opposite side of the penis to that most recently injected. The injection area was wiped with alcohol and the penis bent to stretch the loose skin and bring the corpus cavernosum closer to the surface. After injection, the penis was rubbed gently for approximately 30 s to aid spreading of the drug throughout the corpora. The patient was asked to rate both pain produced during injection and pain present in the 5 min following injection, on a 0 -10 ordinal scale (with 0 corresponding to no pain and 10 corresponding to worst pain imaginable). Following injection the physician left the room, returning at 5 min intervals to assess the stage the erection had reached. Time to first response was noted by the physician and the maximum response elicited was rated by both clinician and patient on the four-point scale (where 0 ¼ no erection, 1 ¼ minimum response, 2 ¼ full enlargement and 4 ¼ full erection adequate for intercourse). Observation time was for 40 min after injection or, if sooner, until maximum response was seen. After the observation period, patients rated the injection method, taking into consideration pain, speed of response and efficacy on a 0 -10 ordinal scale (where 0 corresponds to 'very poor' and 10 corresponds to 'excellent'). A 7 day patient diary recording pain at 1, 2, 4 and 24 h after injection and any other problems=side effects noted over the subsequent week was completed following each injection. Patients were followed up one week after the second injection and asked to state, on reflection, which of the two injection, methods they preferred.
Non-parametric statistics were applied to the data. Treatments were compared using Wilcoxon matched pairs signed rank two-tailed test. P-values < 0.05 were considered statistically significant.
Results
Pain ratings, both on and following injection, are shown in Figure 2 . On injection, pain produced by the needlefree injector was significantly greater than the needle-tipped injection (P ¼ 0.016). Individually, all patients reported more pain with the needle-free system than with the needle-tipped method. Median pain score on injection was 1 (range 0 -2) for needle-tipped, compared with 5 (range 1 -8) for the needle-free injector. Pain produced by the two systems was not statistically different at any of the assessed time points after injection (P > 0.05).
The subjective patient rated response showed the needle-free system to be significantly less efficacious than needle-tipped delivery (P ¼ 0.016; Figure 3a) . The difference between the two injection methods, however, did not reach significance with the objective response rating of the examining doctor (P ¼ 0.063; Figure 3b ). Five patients developed at least full enlargement with needle-tipped delivery whereas none reached this response category with the needle-free system (both objective and subjective assessment). Response was monitored for a maximum of 40 min following injection. When questioned retrospectively, no patient reported any improvement in quality of erection after this time with either of the injection methods. The time to first response was not significantly different between the two groups (P ¼ 0.313). The median Figure 1 The J-tip needle free drug delivery system. Drug is loaded into the transporter unit (a) which, after removal of the protective cap (i), is then transferred to the barrel of the injection device (b). Activating the trigger (iii) releases the liquid CO 2 (iv) which activates the plunger (ii) expelling the drug from the injector.
Needle-free high-pressure injection system LM Harding et al first response time was 5 min (range 5 -25) for needle-tipped, but 10 min (range 10 -20) for needle-free drug delivery.
A comparison of patient ratings for the two delivery systems is shown in Figure 4 . The traditional needle delivery was rated significantly higher than the new needle-free method (P ¼ 0.0078). Median rating for the needle-free system was 0 (range 0 -3), whereas median rating for needle-tipped delivery was 8 (range 1 -8) . It should be noted that these ratings were given before notable side effects had developed, or pain in the hours post-injection was experienced.
Seven patients reported bruising following needle-free delivery. This bruising, which occurred between visits and consequently was not examined by the physician, was reported as ranging in size from approximately 1 cm 2 (described by a patient as the size of a British one penny piece; one patient) to the entire length of the shaft (two patients). Median duration of bruising was 5 days (range 3 -7 days). No bruising was observed following needle-tipped delivery.
When asked to express a preference, one week after the last injection, all eight patients chose the needle-tipped injection method.
Discussion
The needle-free injector produced more pain than needle-tipped delivery, was less effective and produced bruising. The pain evoked was unexpected as needle-free injection is generally associated with less pain than needle-tipped syringes. 10, 15 Without a saline control it is difficult to state whether the pain was due to tissue trauma alone or due to the combined effect of trauma with the exogenous prostaglandin. Slow alprostadil i.c. injection is thought to be less painful than fast injection. 17 The high-pressure system is extremely fast, injecting Needle-free high-pressure injection system LM Harding et al drug in a fraction of a second. If speed is a key factor in causing pain then, even with modifications, it is unlikely that high-pressure injection will be a suitable instrument for erectile dysfunction treatment. Seven patients reported bruising following needle-free injection which was repeatedly described as distressing and unacceptable. Increased incidence of bruising has been shown previously with pressure injections, but bruising did not affect patient preference. 18 This suggests, perhaps unsurprisingly, that acceptance of bruising is strongly dependent on the location of the bruise! The lack of efficacy of the needle-free method suggests that insufficient drug is reaching the corpora carvonosa. Most patients developed a discrete localized swelling around the injection site following needle-free injection (rated as a 'minimal response' by the physician but as 'no response' by the patient, explaining the discrepancy between patient and doctor response ratings). With higher doses and adjustments to the injection device to allow increased drug volumes an effective dose may be found. However, the side effects of pain and bruising would still have to be addressed for the method to be acceptable to most patients. Interestingly, some patients did not obtain a full erection with needle-tipped injection using the dose of alprostadil they successfully use at home. This suggests the importance of drug volume and role of psychosexual input and environment in evoking a response.
Although all patients in this study preferred the traditional injection method it is worth remembering that the study sample was not truly representative of all patients with ED as only patients comfortable with injecting themselves were included. If a true cross section were taken we would expect to see both higher pain scores for needle-tipped delivery and a lower overall rating for this method.
The small sample size of this study is also acknowledged; the original intention of the study was to have a larger patient population. From the observations seen in just eight patients however, we felt it both unnecessary and unethical to increase the sample size. Even with a small sample size this study clearly shows that, in its present form, the J-tip highpressure needle-free injection systems is not a viable device for penile alprostadil administration.
